Owing to the reduction in engine noise attained in the last decades, in combination with the low-thrust conditions, airframe noise has become one of the most important noise sources during the landing phase 1 . Among other significant sources, such as the landing gear and flap-side edges, the slat is particularly important as it is a distributed source along the whole wing span.
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Experiments addressing the slat noise identified three different components in the radiated sound spectrum: a high-frequency tone, a broadband noise at low and medium frequencies and a series of tonal peaks above the lowmedium frequency broadband noise 1 . The existence of the low-frequency peaks is controversial. Many, but not all, numerical simulations 2 and wind-tunnel experiments 3 in different high-lift models identified such peaks. The physical mechanism responsible for their generation is not yet understood. Moreover, some experiments 4, 5 suggested that these peaks are present only at the low Reynolds numbers of wind tunnel models, but simulations 6 at flight Reynolds numbers do not confirm these experiments. The present work addresses the generation of discrete tonal peaks of low-medium frequencies of the spectrum of the noise radiated by the slat.
It is difficult to obtain detailed reliable data of the flow around the slat, where sound is generated. PIV measurements cannot provide reliable time-resolved data of that flow. Hot-wire probes provide only localized data. Direct numerical simulation are unaffordable for such a complex flow at the Reynolds numbers required. On the other hand, it is unclear what effect the boundary layer transition on the slat, the small scale turbulence in the slat cove, etc, could have on the phenomenon.
Here it was decided to produce numerical data and validate it by comparison with aeroacustic experiments. This numerical data would then provide reliable flow fields close to the slat that could then be used to study the mechanisms of sound generation.
In the course of the this study, experimental and numerical techniques were developed or implemented. Acoustic spectra obtained numerical and experimentally compared well, validating the procedures used and the detailed numerical results.
Proper Orthogonal Decomposition (POD) of the numerical data identified hydrodynamic structures in the slat cove region correlated with the low-medium acoustic tonnal peaks. These structures seem to be associated with the vortices generated by the mixing layer in the slat cove.
It was considered important to perform the experiments in a closed section wind tunnel, as opposed to open section, as this provides well-defined boundary conditions for numerics. The working section was 1.29m in height, 1.67m in width and 3m long. The flow speed selected for the experiments ranged from 24 m/s to 34 m/s. The testing model was a 30P30N high-lift airfoil composed of a main element, a trailing-edge flap and a leading-edge slat. The model stowed chord was 0.5 m long and the slat and flap chords were 15% and 30% of the wing stowed chord, respectively. Typical Reynolds numbers based on the slat chord were roughly 1 Million and Mach number, 0.1.
Aeroacustics experiments in closed section can be affected, among other phenomena, by reverberation. Use of microphone arrays are practically mandatory. Array signal processing can map the sound sources and focus only on source of interest. This also enabled to distinguish the slat noise from the noise produced by other parts of the model.
Yet microphone arrays can be affected by other problems, such as, wind tunnel boundary layer noise, limited spatial resolution, etc. Techniques such as tunnel wall suction, acoustic absorbent material, convential beamforming and DAMAS (Deconvolution Approach for the Mapping of Acoustic Sources) 7 had to be used. Details of the experimental and signal processing techniques used are found in 8 . Figure 1(a) shows a map a noise sources in slat region for a frequency band around 4400 Hz. The simulations were carried out considering the same airfoil placed in the tunnel working section, as in the experiment. The numerical simulation was actually carried out prior to the experiment. The free-stream velocity was 35m/s, as this was the intended velocity for the experiments. During the experiment the velocity used was 34m/s owing to wind tunnel limitations. It would be unaffordable to simulate the wing span of 1.29 m of the experiment. A periodic condition was then considered in the spanwise direction with a period of 11% of the stowed chord. Previous computations revealed that this distance is larger than the coherence length obtained from the numerical data 2 . The commercial code PowerFLOW 4.3a, based on the Lattice-Boltzmann method, was used in the computations. For the separated flow in the slat cove, the turbulence scales were simulated up to certain level. Subgrid turbulence scales and boundary layer turbulence were accounted for also by a modified version of the k − turbulence model. Tests ensured that the turbulent scales simulated in the slat cove provided a grid independent spectra of the tonnal peaks 9 . Figure 1 (b) presents iso-surfaces of Lambda-2 criterion in the slat cove for a typical Lattice-Boltzmann simulation. The sound was propagated to the far-field by the Farassat's formulation of the Ffowcs Williams-Hawkings analogy. For comparison with the experiements, only the sound generated at the slat was propagated. Figure 2 (a) presents the spectrum of pressure fluctuations at a point in the far-field. In the experiment, this point was the center of the microphone array, which is the reference point for the beamforming algorithms. Acoustic pressure was obtained at an identical point in the numerical simulations. This position was approximately along the direction of maximum sound radiation from the slat. The agreement was considered very good and validated the numerical procedures used in the study. Previous studies 9 showed that the hump at Strouhal number around 13 in the simulation is not yet grid independent and is considered to be cause of the mismatch with the experiment. A simulation that could resolve the corresponding frequencies of the experiment would be at least an order of magnitude more computer demanding and was considered unnecessary, since the tonnal peaks, which are the focus of the work, are well resolved. Having established that the numerical approach was able to capture the mechanism of generation of the slat noise tonnal peaks, the numerical data was used for POD analysis in frequency domain of the flow inside the slat cove. A variation of the snapshot method by Sirovich 10 was used. The data were segmented in blocks and the set of snapshots or flow realizations to be used as initial data q k was formed by the temporal Fourier transform of each of these blocks. Figures 2(b) and 2(c) show the real part of the horizontal and vertical components of velocity of the first PODmode for fluctuations at 1600 Hz, which corresponds to one of the peaks in the far-field acoustic fluctuations. The POD-mode identifies coherent structures fluctuating at this frequency that seem to be related to the mixing-layer instability.
Further investigations are proposed in the scope of the present work. The response of the slat noise to a wider variation of parameters is to be analyzed, considering both experiments and numerical simulations. Besides the slat overlap, variation in the slat gap and deflection can be studied. This is expected to bring insight into the possible instabilities driving the system. Additionally other inner products, that are more meaningful to aeroacoustic radiation, will be considered in the POD computations. Although the numerical data is three-dimensional, the POD was performed only along the centerline of the flow. It is intended to expand the POD analysis into the three-dimensional domain.
